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Spectral indices of Galactic radio loops between 1420, 820 
and 408 MHz 
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ABSTRACT 

In this paper the average brightness temperatures and surface brightnesses at 1420, 
820 and 408 MHz of the six main Galactic radio-continuum loops are derived, as are 
their radio spectral indices. The temperatures and surface brightnesses of the radio 
loops are computed using data taken from radio continuum surveys at 1420, 820 and 
408 MHz. We have demonstrated the reality of Loops V and VI and present diagrams 
of their spectra for the first time. We derived the radio spectral indices of Galactic 
radio loops from radio surveys at three frequencies (1420, 820 and 408 MHz) and 
confirm them to be non-thermal sources. Diameters and distances of Loops I- VI were 
also calculated. The results obtained are in good agreement with current theories of 
supernova remnant (SNR) evolution and suggest that radio loops may have a SNR 
origin. 

Key words: surveys - supernova remnants - radio continuum: ISM - ISM: kinematics 
and dynamics - radiation mechanisms: non-thermal. 



1 INTRODUCTION 

The fact that some radio spurs can be joined into small 
circles is very well known. The sets of spurs which form 
small circles are called loops. During the early seventies, four 
major loops were recognized. Their d iscoveries and stud - 
ies took plac e in th is order: Loop I (lLarge et al.l dl962l) ; 
iHaslamet ail ill964lh [Large et all dl966h: ISalteiTl|l970l)) , 



Loop I I ([Large et al l (Il962l): lOuiglev fc Haslaml (Il965 
ISalteJ (|l970f )h Loop II I jQuiglev fc Haslaml (Il96^ : ]saiterl 
ill970l)1 and Loop IV (|Large et all l| 19661 ): [Salterl (|l970l ); 
iReich fc Steffenl (|l98lh V Salter in 1970. gave the most pre- 
cise determinatio n of these circles' param eters, which were 
later published in lBerkhuiisen et al l (|l97ll ). The data Salter 
used were the best available at the time at 408, 404, 240 
and 178 MHz. A deta i led review of the s ubjec t was pub- 
lished bvlSalterl (Il983h. [Milogradov-Turinl (j 19721 . Il982h and 
iMilogradov- Turin fc Urosevid l|l997h made an observation 
that some other spurs could be connected into loops. They 
proposed Loop V to be formed by negative latitude spurs in 
Taurus, Pisces and Pegasus and Loop VI to correspond to 
the weak positive latitud es spurs in Leo and Cancer. Using 
the survey at 38 MHz by iMilogradov-Turin fc Smith! (|l973i ) 
they computed parameters of the proposed loops. 

In order to study the structure of Galactic radio loop 
emission, it is necessary to determine their spectral in- 
dices. The differential spectral indices of the North Po- 
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lar Spur (NPS), the spurs in Aquarius, Pegasus and Tau- 
rus were derived using data at 1 420, 408 and 38 MHz 
l|Milogradov- Turin fc Nik olic 1995a||t])- The technique used 
was that of tempe rature-temperature plots (T — T plots) . 
iBerkhuiisenl ill97lf) gives indice s for the spurs seen on her 
survey. Milo gradov-Turinl (|l982h derived differential temper- 
ature spectral indices between 404 and 38 MHz. 

Spectral index variations of the Galactic radio contin- 
uum e mission were discussed in several papers. [Lawson et al.l 
i| 19871 ) has studied these variations across the northern sky 
between 1420 and 38 MHz and suggested that the obtained 
values (about 2.5) are mainly due to the effects of Loops I 
and III. Also, IReich fc Reichl (|l988aT ) used radio continuum 
surveys at 1420 and 408 MHz to calculate a map of spec- 
tral indices across the northern sky and found significant 
variations between 2.3 and 3.0. The steepest spectra corre- 
sponded to the North Polar S pur and Loop III. The same 
authors (|Reich fc Reichlll988bh gave the estimation /3 > 2.8 
for Loops I and III which are believed to be nearby, very 
old supernova remnants. These estimates were mostly de- 
rived using the method of T — T plots over areas of the sky 
where no strong local features are sup erposed on the general 
Galactic background. IWebsterl l| 19741 ) studied the spectrum 
of the galactic non-thermal background radiation using ob- 
servations at 408, 610 and 1407 MHz and found that the 
mean differential temperature spectral index was close to 
2.8. 

With the aim of studying spectral indices of the ma- 
jor radio loops I-IV, as well as of the radio loops V and 
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VI, we used radio continuum sur veys at three frequencies: 
1420 MHz dReidi fc Reichl 1 19861), 820 MHz jBerkhuiisenl 
1 19721 '). 408 MHz (jHaslam etal.ll 1982 ) and calculated the cor- 
responding mean temperatures and brightnesses. Knowing 
three values of brightnesses, the spectral indices could be cal- 
culated as coefficients of linear fits to logaritmic temperature 
versus frequency plots. Until now, there were no generated 
spectra using mean temperatures for (at least) two different 
frequencies, as is necessary for forming the simplest linear 
kind of spectrum. All earlier determinations of the radio loop 
spectral indices were based on T — T methods. The reality of 
Loops I- VI is investigated by comparing the values of their 
spectral indices with earlier mentioned studies of spectral 
indices distribution across the northern sky. In addition, di- 
ameters and distances of Loops I- VI were calculated using 
the £ — D relation for SNRs given bv lCase fc Bhattacharval 
|l99St ). 



we get: 

logT b = \ogK-f3\ogv 



(1) 



(2) 



where j3 is spectral index and K is a constant. Knowing three 
values of brightnesses (derived in this paper) we were able to 
derive spectral indices from fitting equation (2) to the data. 
The results are given in Table [3] 

Temperatures at 1 GHz were calculated by use of the 
spectral indices: 



Tighz/TIghz = (l./f)" 



(3) 



We have converted these values that have been extrapolated 
to 1 GHz into surface brightness and present them in Table 

HI 



2 DATA 



The s urveys at 1420 MH z l|Reich fc Reichl Il986h and 820 
MHz (|Berkhuiisenl Il972h and at 408 MHz jHaslam et all 
1 19821 ) provided the database for the recomputing of small 
circles for the major loops. The data were obtained from 
the 1420-MHz Stockert sur vey llReich fc Reichl Il986h . the 
820-MHz Dwingeloo survey jBerkhuiisenll 19721 ) and the 408- 
MHz all-sky survey (iHaslani et alj ~982l ). The angular res- 
olutions are 35' and 1°.2 and 0°.85, respectively. The ef- 
fective sensitivities are about 50 mK Tb (Tb is for an 
average brightness temperature) at 1420 MHz, 0.20 K at 
820 MHz, and about 1.0 K at 408 MHz. These data are 
available on MPIfR's Survey Sampler ("Max - Planck - In- 
stitut fur Radioastronomie" , Bonn). This is an on-line ser- 
vice (http://www.mpifr-bonn.mpg.de/survey.html), which 
allows users to pick a region of the sky and obtain images 
at a number of wavelengths. 



3 ANALYSIS 

The 1420, 820 and 408 MHz continuum surveys specified 
in Section 2 were used to derive brightness temperature vs 
frequency spectra, and the spectral indices of Loops I- VI 
were derived from these. 

The average brightness temperatures of the Loops at 
the three frequencies were estimated from the survey data. 
The areas of the loops were divided into different sections 
(corresponding to spurs) and estimates for these sections 
were combined. The longitude and latitude ranges which 
include spurs of the Loops I- VI are given in Table [T] The 
areas inside the spurs were chosen using the three surveys 
specified above. Background radiation was subtracted in this 
way. First, the temperature of the loop plus background was 
determined. Next, the background alone near the loop was 
estimated. Finally, we calculated the difference of these val- 
ues to yield the average temperature of the loop. 

Average 1420, 820 and 408 MHz brightness tem- 
peratures and surface brightnesses derived assuming the 
Rayleigh- Jeans approximation to hold, are presented in Ta- 
bled 

Assuming the spectra to have a power-law form: 



4 METHOD OF CALCULATION 

The areas used to represent the individual loops were ob- 
tained from the radio continuum map of iReich fc Reich 
jl986h in such a way that they contain the brightness tem- 
perature contours enclosing the spur features that define the 
loop. The longitude and latitude ranges of each are given in 
Table [1] Contour lines which correspond to the minimum 
and maximum brightness temperatures for each spur, are 
taken to define their borders. T m i n is the lower tempera- 
ture limit between the background and the spur and T max 
is the upper temperature limit between the spur and unre- 
lated confusing sources (superposed on the spur and hence 
requiring elimination from the calculation). In this man- 
ner background radiation was considered as radiation that 
would exist if there were no spurs. We used averages over 
the data within these two curves: the contour for T m i n and 
the contour for T max . 

For evaluating brightness temperatures of the back- 
ground, we used all measured values below T m i n , inside the 
corresponding intervals of Galactic longitude (1) and Galac- 
tic latitude (b), and lying on the outer side of a spur. The 
value of Tb is approximately constant near a spur. For eval- 
uating the brightness temperatures of a loop including the 
background, we used all measured values between T m i n and 
T max inside the corresponding regions of 1 and b. If the value 
of T m i n (or T max ) is changed by a small amount, say approx- 
imately 2 x AT (i.e. 0.1 K for 1420 MHz, 0.4 K for 820 MHz 
and 2 K for 408 MHz), the brightness contours become sig- 
nificantly different. If T m j n is too small, the area of the spur 
becomes confused with the background and it becomes ob- 
vious that the border has been incorrectly chosen. If T max 
is too large, the area of the spur includes significant contri- 
butions from unrelated confusing sources. Mean brightness 
temperatures for spurs are found by subtracting the mean 
values of background brightness temperature from the mean 
values of the brightness temperature over the areas of the 
spurs. 

We calculated the mean background levels over regions 
not too far outside the spurs because the loops are moving 
through regions of the interstellar medium where earlier su- 
pernova remnants are likely to have passed, i.e. through a 
low density medium produced by earlier SNRs (or other en - 
ergetic phenomena) (|McKee fc Ostrikenll9^ ; ISalterll 19831 ). 
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Table 1. The Galactic longitude and latitude for spurs belonging to Loops I- VI and the lower and upper temperature limits for these 
loops. 



label of 
the loop 



l,b intervals 
for spurs (°) 



1420 MHz 820 MHz 408 MHz 

temperature limits (K) temperature limits (K) temperature limits (K) 



T • 

A mm 



T ■ 

- 1 - mm 



Loop I 


1 = [40, 0] 
1 = [360, 327] 


b = 
b = 


[18, 78] 
[67, 78] 


3.6 


4.1 


7.8 


9.5 


30.0 


40.0 


Loop II 


1 = [57, 30] 
1 = [195, 130] 


b = 
b = 


[-50, -10] 
[-70, -2] 


3.6 


4.2 


7.2 


9.9 


24.0 


36.0 


Loop III 


1 = [180, 135] 
1 = [135, 110] 
1 = [110, 70] 


cr cr cr 
II II II 


[2, 50] 
[40, 55] 
[6, 50] 


3.4 


4.2 


6.4 


10.0 


21.0 


38.0 


Loop IV 


1 = [325, 285] 


b = 


[55, 72] 


3.58 


4.0 


7.45 


7.95 


27.5 


30.0 


Loop V 


1 = [189, 178] 
1 = [147, 133] 
1 = [90, 80] 


cr cr cr 
II II II 


[-25, -13] 
[-50, -39] 
[-39, -24] 


3.6 


3.8 


7.1 


7.8 


24.0 


33.5 


Loop VI 


1 = [215, 205] 
1 = [207, 196] 


b = 
b = 


[29, 40] 
[6, 32] 


3.38 


3.58 


5.8 


6.9 


15.0 


23.5 



We used averages over the defined areas and subtracted 
from these the average values for the background regions 
obtained as described above. 

The areas over which an average brightness temperature 
is determined at each of the three frequencies are taken to be 
as similar as possible within the limits of measurement accu- 
racy. Moreover, in some cases (e.g. at 1420 MHz for Loops IV 
and VI), we used values of T m i n and T ma x which are below 
this limit (see Table [TJ in order to make the corresponding 
areas the most comparable. However, some differences be- 
tween these areas still remain and we think that the major 
causes of differing borders between the three frequencies are 
small random and systematic errors in the calibrated data. 



5 RESULTS 

The results for the six loops are presented in Tables [5] and 
[3] Table [2] shows calculated average brightness tempera- 
tures and surface brightnesses at 1420, 820 and 408 MHz. 
T hese results a r e in g ood agreement with results obtained 
bv lBerkhuiisenl (|l973l i. only that the present results are ob- 
tained with more sample points. As one can see from Table 
[T] the first two regions of Loop V are located inside the area 
of Loop II. The results corresponding to these two loops, 
presented in Table [5] are calculated out of their overlap- 
ping regions. However, we also performed calculations for 
complete areas of Loops II and V (including overlapping re- 
gions) and obtained practically the same results for Loop 
II. In the case of the whole Loop V, the results for Tb are 
slightly different from those given in Tabled 0.14 K at 1420 
MHz, 0.51 K at 820 MHz and 5.1 K at 408 MHz. This differ- 
ence is probably caused by superposition of radiation from 
both loops. Spectra are presented in Figs 1-6, with Table 
giving the spectral indices computed for Loops I- VI. 

The values of brightness obtained at different frequen- 
cies can be inter-compared after using the spectral indices 
of Table [3] to reduce them to the values expected at 1 GHz. 



The good agreement shown by such an inter-comparison is 
obvious (Table 0}. 

When comparing these results with values calculated at 
other frequencies, and when all results for temperatures are 
estimated at 1 GHz, the good agreement of these results is 
obvious (Table [4]| . The spectra presented in Figs 1-6 are 
good approximations to simple power-law (straight) spectra 
between 408, 820 and 1420 MHz, in all but one case, that of 
Loop IV. The reason for this might be the large relative error 
of the estimated b rightness temperature. A number of effects 
l|Pacholczvkl 1970l ) may play some role in shaping the spectra 
of the loops at low frequency. From analysis of differential 
spectral indices over a range of frequencies, it has been con- 
cluded th at the spectra of radio loops are cur ved at low fre- 
quencies (jMilogradov- Turin fc Nikolicj|l995al lbl). From Figs 
1 - 6 it can be seen that there is little spectral curvature 
between 408 and 1420 MHz, and that the data agree well 
with a linear fit. This is the first spectral investigation of 
Loops V and VI to be performed in this way. The spectral 
indices obtained for each of the loops are > 2.6, confirming 
that their radio emissions all have a non-thermal origin. 

Assuming that the radio loops are SNRs, they should 
follow the E — D (surface brightness - diameter) relation for 
supernova remnants. We hav e used the relation derived by 
ICase fc Bhattacharval ([l998) to compute diameters of the 
Loops I- VI: 

Eighz = 2.82 • 10- 17 D~ 2A1 (4) 

and then for computing distances we use the relation: 

r = I5/(2sin0) (5) 

with angular radii (0) taken from [Milograd ov- Turin! (|l972h . 
The results are given in Ta ble [5] The largest SNRs that 
ICase fc Bhattacharval |l998t ) used to derive their E — D re- 
lation had diameters of about 100 pc, and 1-GHz bright- 
nesses of about 3 ■ 10" 22 Wm,- 2 Hz' 1 Sr' 1 . Hence, the 
application of their relation to the Loops (with Eighz < 
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Table 2. Temperatures (K) and brightnesses (10 -22 Wm~ 2 Hz -1 Sr _1 ) of the radio loops at 1420, 820 and 408 MHz, respectively. 



label of 


1420 MHz 


820 MHz 


408 MHz 


the loop 


temperature 


brightness 


temperature 


brightness 


temperature 


brightness 


Loop I 


0.27 ± 0.05 


1.69 ± 0.30 


1.35 ± 0.20 


2.78 ± 0.40 


8.4 ± 1.0 


4.31 ± 0.50 


Loop II 


0.22 ± 0.05 


1.36 ± 0.30 


1.10 ± 0.20 


2.26 ± 0.40 


8.0 ± 1.0 


4.07 ± 0.50 


Loop III 


0.30 ± 0.05 


1.84 ± 0.30 


1.39 ± 0.20 


2.87 ± 0.40 


8.5 ± 1.0 


4.34 ± 0.50 


Loop IV 


0.08 ± 0.05 


0.48 ± 0.30 


0.53 ± 0.20 


1.09 ± 0.40 


3.0 ± 1.0 


1.52 ± 0.50 


Loop V 


0.13 ± 0.05 


0.80 ± 0.30 


0.58 ± 0.20 


1.19 ± 0.40 


5.6 ± 1.0 


2.86 ± 0.50 


Loop VI 


0.12 ± 0.05 


0.71 ± 0.30 


0.62 ± 0.20 


1.29 ± 0.40 


4.3 ± 1.0 


2.20 ± 0.50 




2.6 2.7 2.8 2.9 3.0 3.1 3.2 

log V 



Figure 1. Loop I spectrum: temperature versus frequency, for 
three measurements - at 408, 820 and 1420 MHz. Relative errors 
of the measurements A log T = T ^ 10 are presented by error 
bars, where AT are the corresponding absolute errors given in 
Table [2] 




~2£ 2.1 ' 2~!s 2.9 ' 3X) ' ~Z\ ' ?2 

log V 



Figure 2. The same as in Fig.[T] but for Loop II. 




2.6 2.7 2.8 2.9 3.0 3.1 3.2 

log V 



Figure 3. The same as in Fig. IT1 but for Loop III. 




2*6 21 ' ?8 2.9 ' 3X) ' 3J ' 3.2 

log V 



Figure 4. The same as in Fig. [T] but for Loop IV. 

2.5 • 10" 22 Wm~ 2 Hz' 1 Sr' 1 from TableB} contains an el- 
ement of extrapolation. 

The smallest values of j3 occur in the coldest parts of 
the sky and the spectral index in the vicinity of Loops I 
and III is steeper than the spectrum of the background 
emission. A qualitative explanation of the steepening of the 




2.6 2.1 2^ 2.9 ' 3.0 ' 3.1 ' 3.2 

log V 



Figure 5. The same as in Fig.[T] but for Loop V. 




~2£ 2.1 ' 2.8 2.9 ' 3.0 ' 3.1 ' 3.2 

log V 
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Table 4. Brightnesses (10 22 Wm 2 Hz 1 Sr 1 ) reduced to 
1000 MHz. 



label 


1420 MHz 


820 MHz 


408 MHz 


of the 


reduced to 


reduced to 


reduced to 


loop 


1000 MHz 


1000 MHz 


1000 MHz 


Loop I 


2.19 ± 0.72 


2.40 ± 0.47 


2.22 ± 0.42 


Loop II 


1.85 ± 0.45 


1.90 ± 0.34 


1.85 ± 0.26 


Loop III 


2.32 ± 0.62 


2.50 ± 0.38 


2.36 ± 0.40 


Loop IV 


0.66 ± 0.74 


0.91 ± 0.39 


0.68 ± 0.42 


Loop V 


1.15 ± 0.46 


0.97 ± 0.34 


1.14 ± 0.24 


Loop VI 


0.98 ± 0.41 


1.08 ± 0.34 


0.98 ± 0.26 



steepest spectra are those of the North Polar Spur and of 
Loop III. 

When comparing the derived spectral indices with those 
of the Galacti c background ( about 2.5 between 408 and 38 
MHz, given in lLawson et al.l(|l987T l). we can see from Table 
[3]that these radio loops have steeper, but not much steeper, 
spectra (about 2.7 < (3 < 2.9), which provides evidence for 
the loops being very old SNRs. 

The values for the brightness-temperature spectral in- 
dices of the loops are rather steep (about 2.7 < /3 < 3.0). 
This is at the high end of the spectral index distribution 
for SNRs in the ran g e 1 = [360°, 180°] and D < 36 pc given 
bv lClarkfcCaswelll |l976|), which has a mean Tb spectral 
index of 2.45. This might be evidence for the steepening 
of SNR spectra with a ge, although some authors (see e.g. 
IClark fc Caswelll <| 19761 )) think there is no indication that 
the spectral index is correlated with any other features of 
the SNR. 



Figure 6. The same as in Fig. [TJ but for Loop VI. 



spectrum of emission apparently associated with the Loops 
I and III has been put forward in ter ms of diffusive shock- 
front acceleration l|Lawson et al.l[l~987h : there is compression 
of the interstellar cosmic ray electrons and magnetic field 
behind a cooling SNR shock front. The resulting map of 
I Reich fc Reichl (| 1988a! ) shows variations of the spectral in- 
dex between /3 — 2.3 and /3 = 3.0 and that the areas with 



Table 3. Spectral indices of radio loops, between 1420, 820 and 
408 MHz. 



label of the loop 


P 


Loop I 


2.74 ± 0.08 


Loop II 


2.88 ± 0.03 


Loop HI 


2.68 ± 0.06 


Loop IV 


2.90 ± 0.28 


Loop V 


3.03 ± 0.15 


Loop VI 


2.90 ± 0.09 



6 CONCLUSIONS 

In this paper we have calculated the temperatures and 
surface brightnesses of the Galactic radio loops at 1420, 
820 and 4 08 MHz. We are s uppos in g all radio l o ops t o 
be SNRs dBerkhuiisen et ail (fl970h : IBerkhuiisenl i|l97lf ); 
IShklovskii fc Sheffeij <|l97ll ); ISalteil (119831 )'). Ourresults are 
consistent with the SNR hypothesis and suggest that the 
radio loops may have a SNR origin. We have used data 
from the northern p art of the radio s urvey at 1420 MH z 
l|Reich fc Reichlll986j ) and at 820 MH z (IBerkhuiisenl Il972l) , 
and the all-sky survey at 408 MHz j|Haslam et ailll982l ). 
Spectra (temperature versus frequency) have been plotted 
and these are used to determine spectral indices for the main 
Galactic loops. 

The effective sensitivity of the brightness temperatures 
are: 1.0 K for 408 MHz, 0.2 K for 820 MHz, and about 50 
mK Tb for 1420 MHz. The most precise measurements (the 
least relative errors) are in case of 1420 MHz, so positions 
of the brightness temperature contours of the loops are the 
most realistic for this frequency. Brightnesses of the radio 
loops at 408 and 820 and 1420 MHz are in good agreement 
when reduced to 1 GHz. 

We have demonstrated the reality of Loop V and 
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Table 5. Diameters (pc) and distances (pc) of the radio loops derived from the E — D relation given bv lCase fc B hattacharva (1998). 
Diameters and distances are calculated from brightnesses at 1420, 820 and 408 MHz respectively, when reduced to 1 GHz. In the last 
two columns there are average values of the diameters and distances of the radio loops. 



label of 


1420 MHz 


820 MHz 


408 MHz 


average 


the loop 


diameter 


distance 


diameter 


distance 


diameter 


distance 


diameter 


distance 


Loop I 


132 ± 20 


77 ± 14 


127 ± 19 


74 ± 13 


131 ± 20 


77 ± 14 


130 ± 20 


76 ± 14 


Loop II 


141 ± 22 


97 ± 18 


140 ± 21 


97 ± 18 


141 ± 22 


98 ± 18 


141 ± 22 


97 ± 18 


Loop III 


129 ± 20 


115 ± 24 


125 ± 19 


112 ± 23 


128 ± 20 


115 ± 23 


127 ± 22 


114 ± 24 


Loop IV 


218 ± 33 


325 ± 67 


190 ± 29 


283 ± 58 


214 ± 32 


319 ± 65 


207 ± 32 


309 ± 64 


Loop V 


172 ± 26 


91 ± 16 


185 ± 28 


98 ± 17 


173 ± 26 


91 ± 16 


177 ± 27 


93 ± 17 


Loop VI 


184 ± 28 


97 ± 17 


177 ± 27 


93 ± 16 


184 ± 28 


97 ± 17 


182 ± 28 


96 ± 17 



Loop VI. We have also calculated the temperatures, surface 
brightnesses and spectral indices. 

The spectral indic es that we derived can be compared 
with values derived by iReich fc Reichl (|l988bh for Loops I 
and III. They discussed the distribution of spectral indices 
of the Galactic radio continuum emission between 1420 and 
408 MHz across the northern sky, as well as the global prop- 
erties of the Galactic spectral index variations. Our results 
for sp ectral indices can also be compared with IBerkhuiisenl 
(|l973h for Loops I-IV. We note that our values for spec- 
tral indices are in between t he corresponding value s for 
Loops I and III giv en in papers IReich fc Reichl (Il988bl ) and 
IBerkhuiisenl l| 19751) . 

In this paper, we present the first radio continuum spec- 
tra for the main radio loops, plus Loops V and VI, made 
using average brightness temperatures at three different fre- 
quencies. We find that good linear fits can be made to each 
of these, supplying accurate spectral indices. 

With calculated radio spectral indices, we were able to 
estimate diameters of these loops and distances to them. 
That the radio spectra of the loops are fitted rather well by 
power-low spectra is consistent with a SNR origin for these 
features. 

Fig. Al in the Appendix shows temperature scales in 
K, for 1420, 820 and 408 MHz. Figs A2 - A7 in the 
Appendix show Loops I- VI at 1420, 820 and 408 MHz, with 
two contours representing the temperatures T m i n and T max 
as given in Table [1] Borders between the three frequencies 
are somewhat different for each loop probably due to small, 
random and systematic errors in the calibrated data. Also, 
we suppose there are uncertainties of about 0.1 K in the 
border of spurs due to measurement errors, and there is a 
tiny difference in the absorption of radio emi ssion in the 
inter stellar medium at different wavelengths (|Pacholczvkl 
E22I). 
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APPENDIX A: THE RADIO LOOPS AND 
SPURS AT 1420, 820 AND 408 MHz 
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Figure Al. Temperature scales for 1420, 820 and 408 MHz. All 
are given in K and they are used for all pictures of the radio loops 
given below. 
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Figure A2. The area of Loop I at 1420, 820 and 408 MHz, show- 
ing contours of brightness temperature. This contains the part of 
the North Polar Spur normal to the Galactic plane: 1 = [40°, 
0°]; b = [18°, 78°] and its part parallel to the Galactic plane: 1 
= [360°, 327°]; b = [67°, 78°]. Two contours are plotted, these 
representing the temperatures T m i n and T max , as given in Table 

m 
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Loop II (1420 MHz) Loop III (14-20 MHz) 
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Figure A3. The area of Loop II at 1420, 820 and 408 MHz, 
showing contours of brightness temperature. The two contours 
plotted represent the temperatures T m i n and T 

max , as given in 

Table [T] White areas in the pictures signify that no data exist 
there at 1420 and 820 MHz. Spurs belonging to this radio loop 
have positions: 1 = [57°, 30°]; b = [-50°, -10°] for spur in Aquarius 
and 1 = [195°, 130°]; b = [-70°, -2°] for spur in Aries. 
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Figure A4. The area of Loop III at 1420, 820 and 408 MHz, 
showing contours of brightness temperature. The two contours 
plotted represent the temperatures T m ; n and T 

max , as given in 

Table [T] The white area in the picture for 820 MHz signifies that 
no data exist there at that frequency. Spurs belonging to this 
radio loop have positions: 1 = [180°, 135°]; b = [2°, 50°] and 1 = 
[135°, 110°]; b = [40°, 55°] for first spur and 1 = [110°, 70°]; b 
= [6°, 50°] for second one. 
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Figure A5. The area of Loop IV at 1420, 820 and 408 MHz, 
showing contours of brightness temperature. The two contours 
plotted represent the temperatures T m ; n and T 

maxi given in 

Tabled] This radio spur has position: 1 = [330°, 290°]; b = [48°, 
70°]. 
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Figure A6. The area of Loop V at 1420, 820 and 408 MHz, 
showing contours of brightness temperature. The two contours 
plotted represent the temperatures T m ; n and T 

max , as given in 

Tabic [T] Spurs belonging to this radio loop have positions: 1 = 
[189°, 178°]; b = [-25°, -13°] for the spur in Taurus, 1 = [147°, 
133°]; b = [-50°, -39°] for the spur in Pisces and 1 = [90°, 80°]; 
b = [-39°, -24°] for the spur in Pegasus. 
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Figure A7. The area of Loop VI at 1420, 820 and 408 MHz, showing contours of brightness temperature. The two contours plotted 
represent the temperatures T m ; n and T ma x, as given in Table[T] Spurs belonging to this radio loop have positions: 1 = [215°, 205°]; b = 
[29°, 40°] for the spur in Leo and 1 = [207°, 196°]; b = [10°, 32°] for the spur in Cancer. 



